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a b s t r a c t
Combinations of cyclosporine (CSP) with methotrexate (MTX) have been widely used for immunosuppression
after allogeneic transplantation for acquired aplastic anemia. We compared outcomes with tacrolimus
(TAC)þMTX versus CSPþMTX after transplantation from HLA-identical siblings (SIB) or unrelated donors
(URD) in a retrospective cohort of 949 patients with severe aplastic anemia. Study endpoints included
hematopoietic recovery, graft failure, acute graft-versus-host disease (GVHD), chronic GVHD, and mortality.
TACþMTX was used more frequently in older patients and, in recent years, in both SIB and URD groups. In
multivariate analysis, TACþMTX was associated with a lower risk of mortality in URD recipients and with
slightly earlier absolute neutrophil count recovery in SIB recipients. Other outcomes did not differ statistically
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between the 2 regimens. No firm conclusions were reached regarding the relative merits of TACþMTX versus
CSPþMTX after hematopoietic cell transplantation for acquired aplastic anemia. Prospective studies would
be needed to determine whether the use of TACþMTX is associated with lower risk of mortality in URD
recipients with acquired aplastic anemia.

� 2015 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) is a

curative treatment for patients with severe aplastic anemia
(SAA), but graft failure and graft-versus-host disease (GVHD)
have impeded its success [1-8]. Combinations of cyclo-
sporine (CSP) or tacrolimus (TAC) with methotrexate (MTX)
have been widely used for immunosuppression after allo-
geneic HCT [2,9-13]. CSP has been used preferentially after
HCT for SAA [14] whereas TAC has been used preferentially
after HCT for hematological malignancies, since 3 prospec-
tive randomized studies of bone marrow transplantation
(BMT) showed lower risks of acute and chronic GVHD with
TAC more than a decade ago [9-11].

Outcomes with TACþMTX versus CSPþMTX after unre-
lated BMT for patients with SAA have been compared in only
1 Japanese study [15]. In a matched-pair retrospective study
of 94 patients, the risk of mortality was lower with the use of
TACþMTX [15], but rates of acute and chronic GVHD did not
differ statistically between the 2 prophylaxis regimens.
These results have not been validated in larger cohorts with
related or unrelated donors or evaluated in patients who
received growth factoremobilized peripheral blood cell
transplantation (PBSCT). The purpose of the current study
was to compare outcomes with TACþMTX versus CSPþMTX
after HCT for SAA using data collected by the Center for
International Bone Marrow Transplant Research (CIBMTR).
As observed in several studies mostly including patients with
hematological malignancies [9-12,16], we anticipated that
TACþMTX would be associated with lower risks of acute and
chronic GVHD after HCT for SAA.

METHODS
Patients

This retrospective study cohort included patients reported to the
CIBMTR who had their first allogeneic BMT or PBSCT from HLA-identical
siblings (SIB) or from unrelated donors (URD) for treatment of acquired
SAA from January 2001 to December 2011. Patients who had GVHD pro-
phylaxis other than CSPþMTX or TACþMTX, those who received ex vivo T
celledepleted grafts, and those with congenital disorders were excluded,
leaving 949 eligible patients in the cohort. CIBMTR observational studies
using deidentified data comply with Health Insurance Portability and
Accountability Act regulations and are conducted with a waiver of informed
consent per the institutional review board of the Medical College of
Wisconsin.

Study Endpoints and Definitions
Study endpoints included hematopoietic recovery, secondary graft

failure, grades II to IV acute GVHD, grades III and IV acute GVHD, limited or
extensive chronic GVHD, and mortality. Time to neutrophil and platelet
recovery were defined as the time from transplantation to the first of 3
consecutive days with an absolute neutrophil count (ANC) � 500/mm3 and
platelet count � 20 � 109/L unsupported by transfusion for 7 days, respec-
tively. Secondary graft failure was defined as subsequent loss of ANC
to < 500/mm3 and < 5% donor chimerism after neutrophil recovery. Acute
GVHD was graded according to consensus criteria [17]. Chronic GVHD was
diagnosed by historical criteria [18]. HLA matching was defined as described
previously [19].

Statistical Analysis
Multivariate Cox regressionmodels were constructed to evaluate hazard

ratios (HR) for endpoints with TACþMTX compared with CSPþMTX. Factors

violating the proportional hazards assumption were adjusted through
stratification. A stepwise procedure was used in developing models for each
outcome, using a P value threshold of .05. All models were adjusted for graft
type (BMT versus PBSCT) and year of transplantation. Center effect was also
adjusted as a random effect to account for differences in practice at indi-
vidual centers, including the choice and targeted blood concentrations of
calcineurin inhibitors [20]. Analyses were performed separately in SIB and
URD recipients. Interactions between the main variable (GVHD prophylaxis)
and the adjusted covariates were tested at the significance level of .01.
Proportions of causes of death were compared using Fisher’s exact test.

RESULTS
Transplantation from an HLA-identical Donor

Patient characteristics are summarized in Table 1. SIB
recipients who received TACþMTX were older and more
frequently of Caucasian race, had older donors, had more
frequent treatment for SAA with antithymocyte globulin
(ATG) before HCT, had HCT in more recent years with more
frequent use of cyclophosphamide-based conditioning, ATG
or alemtuzumab, and hematopoietic growth factors after
HCT. In multivariate analysis (Figure 1A), TACþMTX was
associated only with earlier ANC recovery (HR, 1.47; 95%
confidence interval, 1.04 to 2.08; P¼ .03). Other outcomes did
not differ statistically between the 2 regimens. No statisti-
cally significant interactions were observed between the
main variable and the adjusted covariates. The proportion of
graft failure as a cause of death was higher with TACþMTX
than with CSPþMTX (overall P ¼ .007; Table 2).

Transplantation from an URD
URD recipients who received TACþMTX were older

and less frequently of Caucasian race, had younger donors,
had HCT in more recent years with more frequent use of
cyclophosphamide-based conditioning including total body
irradiation with less frequent use of ATG or alemtuzumab,
and more frequent use of PBSCT and hematopoietic growth
factors after HCT (Table 1). In multivariate analysis
(Figure 1B), TACþMTX was associated with a lower risk of
mortality (HR, .42; 95% confidence interval, .23 to .80;
P¼ .008). Other outcomes did not differ statistically between
the 2 regimens. No statistically significant interactions were
observed between the main variable and the adjusted
covariates. Causes of death were similar between the 2 GVHD
prophylaxis regimens (overall P ¼ .91) (Table 2). Because
several studies showed inferior survival after PBSCT
compared with after BMT for SAA [21-24], stratified analysis
was also performed by graft type (Figure 2). Results for BMT
were similar to results of the nonstratified analysis. Results
for PBSCT showed no statistically significant differences
for any outcome, but analytic power was limited in this
subgroup.

DISCUSSION
In the absence of a prospective, randomized comparison,

this large international cohort study provides valuable
information. Based on adjusted multivariate analyses, the
use of TACþMTX was unexpectedly associated with a lower
risk of mortality among URD recipients and with slightly
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